Controlling Vehicle Overloading in BOT Projects  by Bagui, Swapan et al.
 Procedia - Social and Behavioral Sciences  104 ( 2013 )  962 – 971 
1877-0428 © 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
Selection and peer-review under responsibility of International Scientific Committee.
doi: 10.1016/j.sbspro.2013.11.191 
ScienceDirect
2nd Conference of Transportation Research Group of India (2nd CTRG) 
Controlling Vehicle Overloading in BOT Projects  
Swapan Bagui, Atasi Das,1 Chiranjeevi Bapanapalli 
Intercontinental Consultants & Technocrats Pvt. Ltd., A-8 Green Park, New Delhi 110016, India 
Abstract 
Commercial Vehicle overloading on highways  a menace; a bane to the exchequer having the onus of maintaining the road 
infrastructure - it not only increases his expenses but, is also one of the major causes of road accidents. And, over 50 % of the 
commercial vehicles plying on our National / State Highways are overloaded. Although there are legal axle load limit and 
gross vehicle weight limit of the vehicles plying on roads, they are violated wickedly by the transporters. The damage by 
over-loaded vehicles to pavements is exponential. It is believed that the damage caused to a pavement by an axle load twice 
the standard axle is 16 times the damage incurred by the latter. 
There are standard legal axle load limit and gross vehicle weight limit but neither are followed by transporters nor 
enforced stringently by the enforcement authority. Overloading vehicles reduce the design pavement life. Controlling 
overloading not only prevents premature failure of the pavement but, also brings in monetary benefit to the Concessionaire. 
This paper presents the benefits in term of toll revenue for controlling overloading in a Build Operate and Transfer (BOT) 
Project with a real case study. From the case study, it is found that maximum revenue has been achieved by allowing vehicle 
to ply on the road carrying maximum permitted legal load. Other than the beneficial aspects indicated above, controlling 
overloading reduces accidents, increases speed of vehicles, requires lesser pavement maintenance costs and operating cost. In 
the end, plausible ways of controlling overloading with strict enforcement are highlighted.   
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of International Scientific Committee. 
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1. Introduction  
One of the reasons for premature failures and unsatisfactory performance of roads in India is overloading of 
the commercial vehicles. Although there are legal axle load limit and gross vehicle weight limit of the vehicles 
plying on roads, they are violated wickedly by the transporters. By overloading, serious consequences are 
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perpetrated on the life of the road, the truck and safety of all other road users. The damage caused by the 
overloaded vehicles is several times more than that induced by vehicles laden within the legal load limits.  
This paper, through detailed analysis, brings out the whole gamut of implications of overloading and some 
suggestions to check this overloading or generate additional revenue by penalizing overloading operators for 
compensating towards accelerated damage caused to pavement. This paper also presents financial benefits for 
controlling overloading for a BOT Project based on axle survey data collected on a project. 
1.1. Vehicle Overloading 
The Central Motor Vehicles Rules stipulates that the maximum gross vehicle weight (GVW) shall not be more 
than the sum total of all the maximum safe axle weight put together and subject to restriction, if required, as 
indicated in Table 1. The permissible axle loads specified by the government of India / competent authority is 
 
However, it is found that the actual loads carried by the transporters seldom follow these specified limits and 
tend to overload their vehicles, which includes the new technology trucks, truck-trailer, tractor-trailer, etc. with 
 
Table 1. Legal Axle Load and GVW Limits 
Axle 
category 
Tyre configuration Legal 
Axle Load 
Limit (T) 
Transport Vehicles Category  Maximum GVW 
(T) 
Single 
Axle 
Single tyre  total 2 tyres 6 Two-Axle truck (single in rear) 6+6 =12 
Dual tyre  total 4 tyres 10.2 Two-Axle truck (dual in rear) 6+10.2=16.2 
Tandem 
Axle  
Two axles in a group with 
Dual Tyres  total 8 tyres 19 
Three-Axle truck (tandem in rear) 6+19=25 
Three-Axle truck, three-axle 
trailer 
6+19+10.2+19=54.2 
(44 max. allowable) 
Tridem 
Axle 
Three axles in a group 
with Dual Tyres  total 12 
tyres 
24 Five-Axle Tractor-Trailer (dual in 
rear of tractor and tridem on 
trailer) 
6+10.2+24=40.2 
1.2. Effect on Vehicle Damage Factor (VDF) 
The damage caused to the pavement due to the movement of the various axle-groups depends on the 
respective loads, configuration and repetitions. It is possible to evaluate the damage caused by the repetitions of 
each axle load group. However, instead of analysing each axle load group separately, they are converted into 
equivalent repetitions of a standard axle (ESAL) included in Table 2. Following generally accepted formulae 
th  
Table 2. Standard Axle Loads and Equivalent Standard Axles (ESAL) for Different Axle Load Configurations 
Axle Description Standard Axle 
Load (Ton) 
Equivalent Standard Axles (ESAL) 
Single Axle with Single Tyre 6.6 (Actual Axle Load in tonnes/6.6)4 
Single Axle with Dual Tyres 8.16 (Actual Axle Load in tonnes/8.16)4 
Tandem Axle (Two axles in a group with Dual Tyres) 15.1 (Actual Axle Load in tonnes/15.1)4 
Tridem Axle (Three axles in a group with Dual Tyres) 22.9 (Actual Axle Load in tonnes/22.9)4 
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2. Present Study 
The present study includes review of available literature in the context of controlling overloading of vehicles, 
then objectives and scope of study, followed by the presentation of a case study from real project and lastly on 
the enforcement of overloading.  
2.1. Literature review 
Few literatures are available on the aspect of controlling of overloading vehicle. Researchers suggested 
changing axle load pattern. Two axle vehicles are responsible for maximum damage of the road in India. Many 
researchers suggested that convert two-axle vehicles into three-axle/four-axle vehicles so that heavy load to be 
distributed and reduce damaging effects. Literature on the aspects of benefits of a BOT project controlling 
overloading is very rare. 
2.2. Objective and Scope of Present Study 
In the late nineties and in the beginning of this century, majority of the highway projects were funded by the 
Government of India, World Bank and Asian Development Bank. However, presently most of the projects are 
funded by Private Concessionaire in BOT Format. It is the duty of the Concessionaires to build a project, 
maintain up to the concession period and hand over the roads in good condition back to the competent authority 
at the end of the concession period. To maintain road in good condition during service life, the pavement has to 
be maintained and the foremost contributing factor to its deteriorating condition is uncontrolled movement of 
heavyweight vehicles. The life of the pavement can be prolonged and earn the Concessionaire benefits by 
controlling overloading  the way it can be done is the objective of this paper. 
Based on this objective, the scope of research work has been identified as following: 
 
 Conduct axle load survey for a real project, analysis axle survey data and identify overloading 
 Determine project cost for various options for finding best option 
 Determine toll revenue of the project 
 Finalization best option to maximize Concessionaire benefit in term of revenue generation 
 Suggest options of controlling overloading. 
2.3. Restriction on overloading 
The Concessionaire of a project may control overloaded vehicle by measuring provision of weight of vehicle 
at roadside weigh bridge station. If overloading is controlled, number of vehicle shall be increased assuming that 
same weight for different goods will be transported from one place to another place to fulfil the demand and 
supply of these particular goods. If loading is controlled, the VDF value of each vehicle is revised or reduced. 
The process of evaluating revised traffic is shown in the case study described in the following section.  
For the purpose of adjustment, a total of five scenarios have been considered. The five scenarios are (1) actual 
case, (2) at legal load, (3) more than 10 % legal load, (4) more than 20 % legal load (5) more than 30 % legal 
load. 
Number of actual vehicles weighed during axle load survey and revised number considering different axle 
load controls are shown in Table 3. The revised VDF values and vehicles are shown in Table 4. Redistribution of 
load is considered for vehicles carrying more than legal load. The Annual Average Daily Traffic data (AADT) 
surveyed on the project has been revised considering controlling overloading concept and shown in Table 5. 
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Based on the adjusted VDF and adjusted AADT, the final anticipated design traffic is evaluated and presented 
in Table 6. In the analysis, no adjustment has been made to the AADT and VDF of the buses and LCVs as these 
vehicles are seldom overloaded. 
3. Case Study 
3.1. Problem statement 
A case study for new construction of four lanes divided carriageway with 5 m median has been considered. 
Length of road 30 km with 8.75 m wide carriageway including 1.5 m paved shoulder and 2 m earthen shoulder. 
Design Traffic for various overloading is shown in Table 7. Design MSA is calculated based on VDF and Traffic 
data shown in Tables 4 and 5. Passenger car has been found 2000 which has been considered for revenue 
generation. The solution to the overloading problem is presented below. The methodology of arriving at the 
solution is included in the flowchart of Appendix A.  
Table 3. Adjusted traffic sample size of Axle Load Survey considering overloading 
Vehicle type No. of vehicle 
actually weighed 
No. of vehicles at 
legal load 
No. of vehicles at 
10% above legal 
load 
No. of vehicles 
at 20% above 
legal load 
No. of vehicles 
at 30% above 
legal load 
2-axle truck 219 251 233 218 206 
3-axle truck  166 193 178 166 156 
4-axle truck 113 131 121 113 106 
MAV 30 35 32 30 28 
 
Table 4. Adjusted VDF considering overloading 
Vehicle type 
Actual VDF VDF  at Legal Load 
VDF  at  10 % 
more Legal Load 
VDF  at  20 % 
more Legal Load 
VDF  at  30 % 
more Legal 
Load 
2-axle truck 5.27 2.94 3.76 5.11 6.80 
3-axle truck  5.14 2.54 4.88 4.88 6.53 
4-axle truck 9.30 4.53 6.43 8.86 11.92 
MAV 13.02 6.34 9.00 12.42 16.71 
 
Table 5. Adjusted AADT considering overloading 
Vehicle type 
Actual Survey No of Vehicle at Legal Load 
No of Vehicle at 
10 % above 
Legal Load 
No of Vehicle at 
20 % above 
Legal Load 
No of Vehicle  
at 30 % above 
Legal Load 
2-axle truck 600 687 638 598 563 
3-axle truck  2800 3248 3004 2800 2628 
4-axle truck 1000 1160 1073 1000 938 
MAV 200 232 215 200 188 
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Table 6. Adjusted design traffic (Million Standard Axles, MSA) for pavement design 
Design period 
(years) Actual traffic and VDF  
Traffic and VDF 
at Legal Load  
Traffic and VDF 
at 10 % above 
Legal Load  
Traffic and VDF 
at 20 % above 
Legal Load  
Traffic and VDF 
at 30 % above 
Legal Load  
5 30 16 21 27 35 
10  65 40 50 62 80 
15 112 65 82 107 140 
20 172 100 126 165 210 
25 250 142 182 236 305 
30 346 192 246 320 412 
 
Pavement design has been carried out considering 20 years of design traffic and reported in Table 7 for 
construction of 4 lanes divided new road. California Bearing Ratio (CBR) of subgrade is adopted 10 %. Initial 
construction cost has been calculated for different overloading scenario and included in Table 7.  
Table 7. Pavement composition for the various scenarios 
Pavement composition 
(mm) Actual traffic and VDF  
Traffic and VDF 
at Legal Load  
Traffic and VDF 
at 10 % above 
Legal Load  
Traffic and VDF 
at 20 % above 
Legal Load  
Traffic and VDF 
at 30 % above 
Legal Load  
Bituminous concrete (BC) 50 50 50 50 50 
Dense Bituminous 
Macadam (DBM) 125 100 110 120 135 
Wet Mix Macadam (WMM)  250 250 250 250 250 
Granular Subbase (GSB) 200 200 200 200 200 
Project cost per km (Rs. / 
million) 124.4 117.1 120.0 122.9 127.3 
 
As per the design guidelines of IRC: 37-2012, the thickness of WMM and GSB are constant for all cases for a 
given design CBR. And, for design traffic at and greater than 100 MSA, the only variant for the various traffic 
scenarios is the thickness of the bituminous surfacing (BC+DBM). Both BC and DBM exhibit the same elastic 
modulus in terms of material strength. However, keeping the economics in view, the recommended thickness of 
BC is 50 mm, thus keeping DBM as the only variable.  
From Table 7, it is noticed that initial investment cost of the Concessionaire is least when commercial vehicle 
is allowed to carry maximum legal permitted load. 
3.2. Revenue statement 
Revenue statement has been determined based on controlling overloading on vehicle with different scenarios 
of overloading control. It is assumed that the concession period of the project is 28 year (3 years construction 
period + 25 years operation period).  
Toll rate (vehicle mode wise) and traffic growth rate are the two important factors for toll revenue generation 
besides number of traffic. Toll rate per kilometer as per the regulatory authority of India is represented in Table 8. 
Traffic growth factor is considered as 5 % uniformly throughout for all class of vehicles. Total revenue for 
various cases of overloading control is reported in Table 9. Maximum revenue has been generated when the 
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project road is allowed to carry maximum legal load, which is evident from the higher number of vehicles (refer 
Table 5) in case of the scenario at legal load. 
Table 8. Toll rate per km 
Year Car Full Bus LCV 2A, 3A Truck Multi Axle 
Toll Rate Rs (1997) 0.28 1.05 0.60 1.10 1.6 
Toll Rate Rs (2004) 0.52 1.95 1.03 1.81 2.8 
Toll Rate Rs (2008) 0.67 2.33 1.16 2.35 3.74 
Toll Rate Rs (2012) 0.89 3.12 1.56 3.12 5.00 
Table 9. Toll revenue from the various scenarios of loading and overloading 
 Actual traffic and 
VDF  
Traffic and VDF 
at Legal Load  
Traffic and VDF 
at 10 % above 
Legal Load  
Traffic and VDF 
at 20 % above 
Legal Load  
Traffic and VDF 
at 30 % above 
Legal Load  
Total Revenue at the end 
of Operation 
(Rs. Million) 
48085 54506 51002 48086 45589 
4. Controlling Overloading 
Highway authorities, road operators and owners need to protect their roads from unnecessary damage and 
premature wear. By regulating vehicle weights, a toll operator or owner can protect the investment in 
infrastructure. The toll operators can target heavier vehicles for higher tolls and collect the weight information for 
planning of future infrastructure and for maintenance activities. Operators may also target over-loaded trucks and 
place restrictions upon their entry. A Weigh-In-Motion (WIM) system may be integrated with the toll system for 
more effective operation. Weigh-In-Motion allows for a higher throughput and efficiency at toll operations. With 
static scales, long truck queues and lengthy delays may result. The addition of WIM to the toll system makes it 
possible to collect fares based on vehicle weight, as well as vehicle classification. Since heavier vehicles tend to 
cause greater wear and tear on roads, collecting fares based on weights ensures that the vehicles causing the most 
damage pay the higher fares. 
 
4.1 Enforcement 
 
Evidently enforcement can help to eliminate overloading heavy trucks and enforcement is a critical factor to 
control vehicle weight. Adequate enforcement can act as deterrent by declaring that those travelling in disregard 
of laws and regulations would be apprehended and would face effective punishment. 
Finally, effective punishment system is the major component to stop overloading activity, which includes 
fines, penalties and sanctions. If fines and penalties are sufficient, then the overloading trucker has low intensity 
to prosecute. It must combine monitoring, inspection, enforcement, and punishment; as a result, a complete 
system can be developed. 
Fixed inspection station restricts flexibility to catching illegal overloading vehicle, which may refer to other 
overloading enforcement. Thus, combination with portable weighing is necessary for a complete monitoring 
system. 
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Appendix B includes estimation of handling and costing of a Weigh Bridge Station. Economic viability for 
installation of Weigh Bridge is shown in this appendix considering actual traffic and loss in maintenance cost 
during 10 year design period. Deficient design life reduces to 6 years. Detail calculation methodology is 
recommended by Mulyun et. al (2010). The proposed calculation has been modified considering case study as 
adopted in this paper. 
5. Conclusions 
From the present study, following conclusions may be drawn: 
 
1. Initial Investment is least if overloading vehicle is allowed to ply on legal load and investment increases 
with increasing overloading than the legal permissible limit. It is found that initial investment cost is 6.2% 
less ([124.4-117.1]/117.1) for allowing vehicles at legal load than the actual traffic encountered on the 
project.  
1. Concessionaire is expected to generate maximum revenue if vehicle is allowed to ply carrying maximum 
legal load. For this case study, the Concessionaire can generate 13.4% ([(54506-48085)/48085]) more 
revenue by allowing vehicles to plying at maximum legal load.  
2. The Concessionaire of a build operate transfer project should control overloading vehicle by installing 
weigh bridge and enforcing overloading rule strictly for achieving most profitable project  and maximize 
his return. Maintenance cost of the project may be less due to controlling overloading. 
3. Installation of Weigh Bridge has been found viable economically. 14 weigh bridges may be installed at 
each end of the project road in this study. 
Acknowledgements 
The authors are thankful to Mr. K. K. Kapila, Chairman and Managing Director, Intercontinental Consultants 
and Technocrats Pvt. Ltd., New Delhi for guidance and providing all facilities in carrying out the reported work.    
References 
 
IRC: 37-2012. Tentative Guideline for the Design of Flexible Pavements. Indian Roads Congress, New Delhi. 
IRC: 3-1983.Vehicle Dimension and Legal Load. Government of India, New Delhi 
Mulyun., A., Parikesit., D., Antameng., M. and Rahim., R (2010). Analysis of Loss Cost of Road Pavement Distress due to Overloading 
Freight  Transportation.  Journal of the Eastern Asia Society for Transportation Studies, Vol.8, 1020-1035. 
 
 
 
 
 
 
 
 
 
 
 
 
969 Swapan Bagui et al. /  Procedia - Social and Behavioral Sciences  104 ( 2013 )  962 – 971 
Appendix A. Flowchart of calculating adjusted traffic 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Flowchart 1: Calculation of revised traffic and cost by controlling overloading 
 
 
 
Inputs for estimation of controlled traffic 
volume  (a) Axle Load Survey for estimation 
of VDF, (b) Traffic Survey for estimation of 
traffic volume; Obtain actual VDF based on the 
proportion of overloading of each vehicle type 
in the sample survey 
Evaluate project cost / benefit based on the allowance of 
overloading by BOT Client; consider four scenarios of loading 
 legal load, overloading at 10%, 20% and 30% above the 
legal load; Control Overloading and recalculate VDF and 
traffic volume 
Step I: Adjustment to Traffic Volume - Segregate the empty or 
nominally loaded vehicles; distribute the remaining load amongst a 
greater number of vehicles; Estimate the new sample size of traffic 
and adjust the AADT accordingly 
Step II: Adjustment to VDF for each vehicle type  Calculate the 
new VDF for each of the four scenarios of loading with the 
adjusted size of traffic from Step I 
Cost evaluation and restriction of 
overloading as per the economic 
scenario and Variation of Toll 
revenue Generations 
Step III: Calculate design MSA based on the Adjusted VDF and 
the adjusted size of traffic from Step I and estimate pavement 
compositions for each scenario 
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Appendix B. Viability of weigh bridge station 
Cost of Axle pad used in Axle load survey =   INR 4, 00,000       
 14  vehicles weighted in Axle load survey in one hour  
 
Nu mber of wrigh bridge provied for design period 10 years=14 Nos 
 One Axle Load cost (Rs.) 600000 
Require  no of axle load pad 14 
Axle load cost(Rs) 8400000 
Cost of office+installation shedcivil works(Rs.) 1500000 
Cost of land(Rs.) 400000 
Initial  investment cost(Rs.) 10300000 
Administrative and maintenance cost(Rs.) 
For 8 hours 
No of labour 14 
Rate of labour for 8 hrs(Rs.) 100 
Labour cost per day(Rs.) 1400 
Labour cost per month(Rs.) 42000 
 14 Administrative officer monthly salary(Rs.) 70000 
Electricity and other maintenance cost 60000 
  
Total cost per shift 172000 
Total cost per month for 3 shifts 516000 
Total cost per year for 3 shifts 6192000 
Esclation 6% and Discount rate 12 % 
Year Escalation Factor Discount  Factor Combined Factor Cost (Rs.) 
1 1.000 1.000 1.000 10300000.00 
1 1.000 1.000 1.000 6192000.00 
2 1.060 0.893 0.946 5860285.71 
3 1.124 0.797 0.896 5546341.84 
4 1.191 0.712 0.848 5249216.38 
5 1.262 0.636 0.802 4968008.36 
6 1.338 0.567 0.759 4701865.06 
7 1.419 0.507 0.719 4449979.43 
8 1.504 0.452 0.680 4211587.67 
9 1.594 0.404 0.644 3985966.90 
10 1.689 0.361 0.609 3772432.96 
  Total cost of present value (Rs Million)= 59.24 
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Year 1 2 3 4 5 6 7 8 9 10 
Cost RM1 RM1 RM1 RM1 RM1 PM2 RM1 RM1 RM1 SM3 
Normal 15 15 15 15 15 238 15 15 15 523.6 
Over loading 15 15 285.6 15 15 628.32 15 15 15 15 
Loss cost 0 0 270.6 0 0 390.32 0 0 0 -508.6 
Cum loss cost 0 0 270.6 270.6 270.6 660.92 660.92 660.92 660.92 152.32 
Cost reducing 
factor 1.000 0.946 0.896 0.848 0.802 0.759 0.719 0.680 0.644 0.609 
NPV loss cost 
(Rs.Million) 0 0.0 242.4 229.4 217.1 501.9 475.0 449.5 425.5 92.8 
NPV of weigh bridge cost =  59.2 
Over loading cost is more than weigh bridge provision cost, it is a viable option 
 1RM  Routine maintenance 
 2PM  Periodic maintenance 
 3SM  Structural maintenance 
 4NPV  Net Present Value 
Vehicle 
Type No OVER LOADED  
Over load entry vehicle (50% of overloaded vehicle 
considered) 
2 AXLE 600 420 210 
3 AXLE 2800 1960 980 
4 Axle 1000 700 350  
MAV 200 140 70  
Vehicle to be weighted per day (No.) 1610 
Vehicle peak hour 121 (Peak hour Factor 7.5%) 
No of vehicle per hour  14 (based on Axle Load Survey data) 
No of weigh bridge req. 9 
Vehicle Growth rate 5% 
Increase vehicle at the end of 10 year 1.63 Times 
No  of weigh bridge required 14 
Design traffic Normal 40 MSA 
Design traffic overloading 65 MSA 
Design period normal 10 yrs 
Design period with overloading  8 yrs 
